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(54) TWO DIMENSIONAL PHOTONIC CRYSTAL OPTICAL MULTIPLEXER AND DEMULTIPLEXER 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an optical multiplexer and demultiplexer which 
can be downsized and has high efficiency and Q value. 

SOLUTION: Two dimensional photonic crystal is made by placing an area 12 (a hole) of 
lower refractive index than the material of a body 1 1 in the slab body 1 1 cyclically. A 
waveguide 1 3 is formed by preventing the hole 1 2 from being set on the straight A 
donor-typed cluster defect 14 is formed by preventing the hole 12 from being set at 
more than two lattice points in a place adjoining the waveguide 1 3. With such a 
structure, only a specific wavelength light among light transmitting the waveguide 1 3 
resonates in the donor- typed cluster defect 14, captured and released outside 
(demultiplex), while in the donor-typed cluster defect 1 4 only the specific wavelength 
light is cast from outside into the waveguide 13 (multiplex). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] a) A slab-like body and two or more bodies periodically arranged by the b above- 
mentioned body are the two-dimensional photograph nick crystall-luminescence part multiplexing 
machine characterized by to have the field where refractive indexes differ, the waveguide formed in 
the c above-mentioned body by preparing the defect of the above-mentioned different refractive- 
index field in a line, and the cluster defect which is established near the d above-mentioned 
waveguide, and which is formed of two or more adjoining defects. 

[Claim 2] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 1 characterized by forming the above-mentioned cluster defect of two adjoining 
defects. 

[Claim 3] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 1 characterized by forming the above-mentioned cluster defect of three defects 
which adjoin in the shape of a triangle. 

[Claim 4] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 1 characterized by being formed of three defects in which the above-mentioned 
cluster defect adjoins in the shape of [ parallel to waveguide ] a straight line. 
[Claim 5] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 4 characterized by preparing the above-mentioned cluster defect formed of three 
defects which adjoin in the shape of a straight line from the above-mentioned waveguide in eye 4 of 
the train of the above-mentioned different refractive-index field trains. 

[Claim 6] a) [ in a slab-like body, two or more forbidden-band fields prepared in the b above- 
mentioned body, and c each forbidden-band field ] The field where a refractive index differs from 
two or more bodies periodically arranged by the body a different period for every forbidden-band 
field, d) Waveguide prepared so that it may be formed by establishing the defect of the above- 
mentioned different refractive-index field in each forbidden-band field at a line and may pass 
through all forbidden-band fields, e) Two-dimensional photograph nick crystall luminescence part 
multiplexing machine characterized by having the punctiform defect established near the above- 
mentioned waveguide in each forbidden-band field. 

[Claim 7] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 6 characterized by at least one of the punctiform defects prepared in each of two 
or more above-mentioned forbidden-band fields being the cluster defect formed of two or more 
adjoining defects. 

[Claim 8] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 7 characterized by at least one of the punctiform defects prepared in each of two 
or more above-mentioned forbidden-band fields being the cluster defect formed of two adjoining 
defects. 

[Claim 9] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 7 characterized by at least one of the punctiform defects prepared in each of two 
or more above-mentioned forbidden-band fields being the cluster defect formed of three defects 
which adjoin in the shape of a triangle. 

[Claim 10] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 7 characterized by being the cluster defect formed of three defects in which at 
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least one of the punctiform defects prepared in each of two or more above-mentioned forbidden-band 
fields adjoins in the shape of [ parallel to waveguide ] a straight line. 

[Claim 11] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 10 characterized by preparing the above-mentioned cluster defect formed of three 
defects which adjoin in the shape of a straight line from the above-mentioned waveguide in eye 4 of 
the train of the above-mentioned different refractive-index field trains. 

[Claim 12] The defect of the above-mentioned different refractive-index field is a two-dimensional 
photograph nick crystall luminescence part multiplexing machine according to claim 1 to 1 1 
characterized by establishing a different refractive-index field only in the part of 5% - 40% of range 
of the thickness of a body from one field of a body. 

[Claim 13] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 12 characterized by the thickness of the above-mentioned different refractive- 
index field being 20% - 30% of the thickness of a body. 

[Claim 14] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 1 to 1 3 with which the above-mentioned different refractive-index field is 
characterized by being the field where a refractive index is lower than a body. 
[Claim 15] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 14 characterized by the above-mentioned low refractive-index field being a hole. 
[Claim 16] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 15 characterized by the defect of the above-mentioned different refractive-index 
field being a donor mold defect formed by not establishing a hole in a body. 

[Claim 17] The two-dimensional photograph nick crystall luminescence part multiplexing machine 
according to claim 15 characterized by the defect of the above-mentioned different refractive-index 
field being an acceptor mold defect formed by preparing the hole where a path is larger than the 
above-mentioned hole. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical part multiplexing device used for 

wavelength division light multiplex communication etc. 

[0002] 

[Description of the Prior Art] In recent years, the photograph nick crystal attracts attention as an 
optical new device. A photograph nick crystal is an optical functional material with periodic 
refractive-index distribution, and band structure is formed to the energy of a photon. It is the 
description that the energy field (photograph nick band gap) whose propagation of light becomes 
impossible especially is formed. 

[0003] The field of optical communication is taken up as an example of the field from which 
application of a photograph nick crystal is expected. In optical communication, wavelength division 
multiplexing (Wavelength Division Multiplexing : WDM) is used instead of the conventional light- 
hour division multiplex system (Optical Time Division Multiplexing : OTDM). This WDM is a 
communication mode which one transmission line is made to spread the light of two or more 
wavelength, and puts a separate signal on each. By this, the amount of information which can be 
transmitted to unit time amount improves by leaps and bounds. 

[0004] In this wavelength division multiplexing, the light of each wavelength is mixed by the 
entrance side of a transmission line, and the mixed light is taken out for every wavelength by the 
outlet side. Therefore, the multiplexing machine and splitter, or wavelength filter of light is needed. 
Among these, as a splitter, the array waveguide diffraction grating (Arrayed Waveguide Grating : 
AWG) is used in the present condition. However, since the usual waveguide is used in AWG, in 
order to make loss of light small, in the present condition, the comparatively big component of 
several cm angle extent is used. 

[0005] Then, attaining the miniaturization of the above-mentioned splitter is examined by using the 
device which consists of a photograph nick crystal as the above-mentioned splitter and a 
multiplexing machine (it indicates to JP,2001-272555,A.). Hereafter, it considers as the conventional 
technique 1 . . The splitter which changes from a photograph nick crystal to below is described 
briefly. By introducing a defect suitable during a photograph nick crystal, the energy level (defective 
level) by this defect is formed into the above-mentioned photograph nick band gap. By this, the 
existence only of the light of the wavelength corresponding to the energy of defective level is 
attained among the wavelength range corresponding to the energy in the above-mentioned 
photograph nick band gap. If the above-mentioned defect under crystal is made into a line, it will 
become optical waveguide, and it will become an optical resonator if the defect under crystal is made 
into punctiform. 

[0006] If the above-mentioned waveguide is prepared during a photograph nick crystal and the 
above-mentioned point defect is appropriately prepared in the near, the light of various wavelength 
will spread the inside of waveguide, and only the light of the wavelength which is in agreement with 
the resonance frequency of a point defect of them will be captured by the point defect. If the light is 
taken out, it will become the splitter of desired wavelength. On the contrary, if the light of the 
wavelength which is in agreement with resonance frequency is introduced in a photograph nick 
crystal from a point defect and the inside of waveguide is made to spread together with the light of 
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other various wavelength, it will become the multiplexing machine of desired wavelength. 
[0007] A two-dimensional crystal or a three-dimension crystal can be used for the photograph nick 
crystal as a splitter and a multiplexing machine. Although the both have the features, respectively, 
below, a two-dimensional crystal with comparatively easy creation is described. As a two- 
dimensional photograph nick crystal, since a field and the difference of the big refractive index of 
the body of a crystal and air tend (the field direct direction) to cross at right angles, light can be shut 
up to the field direct direction. 

[0008] In the above-mentioned conventional technique 1, the cylinder hole of the same diameter is 
periodically opened in the slab which consists of InGaAsP, it considers as optical waveguide by 
closing one train of the cylinder hole, a defect is introduced by differing the diameter of at least one 
cylinder hole from the diameter of other cylinder holes further, and the case where it is made into an 
optical resonator is examined. 

[0009] According to it, a lattice constant a is set up according to the wavelength (1.55 micrometers 
which is one of the wavelength ranges generally used to wavelength division light multiplex 
communication in the above-mentioned example) of light to make it spread. And the radius of a 
cylinder hole established at each lattice point is set to 0.29a. A point defect is formed there by setting 
the radius of one cylinder hole to 0.56a among those. Then, the light of normalized radiam frequency 
f= 0.273 is emitted to the field right above down of slab from the point defect. The Q value at this 
time is set to about 500. Here, with normalized radiam frequency, the frequency of light is multiplied 
by a/c (c is the velocity of light), and it considers as a non-dimension, so that Q value is a value 
which shows the effectiveness of a resonator and Q value is large — wavelength — resolution also 
becomes high. Moreover, when two or more point defects in which magnitude differs the radius of 
0.56a and one another cylinder hole from 0.58a in the radius of one cylinder hole are formed, two 
sorts of light in which 0.2729 and 0.2769 differ [ normalized radiam frequency ] from wavelength, 
respectively is emitted. Each Q value at that time is set to about 500. 
[0010] 

[Problem(s) to be Solved by the Invention] Although it is shown that a two-dimensional photograph 
nick crystal can be used as an optical separator in the above-mentioned conventional technique 1 as 
stated in the top, it is necessary to make it improve further in respect of the following about the 
engine performance obtained there. First, Q value is described. In the above-mentioned conventional 
technique 1, Q value is about 500. the wavelength of the optical resonator in the light of this value to 
the wavelength lambda — resolution is called for by lambda/Q. for example, the wavelength of the 
above-mentioned optical resonator in the wavelength of 1.5 5 -micrometer band ~ resolution is set to 
about 3nm. however — in order to use for the optical communication of high density wavelength 
division multiplexing ~ wavelength — resolution must be made to about 0.8nm or less, and Q value 
must be made or more into about 2000. It is possible that loss of the luminous energy to the field 
direct direction increases by introducing a point defect as a failure factor over raising Q value in the 
conventional technique 1 . 

[001 1] Vertical asymmetry may be introduced into a point defect in order to take out light only from 
the field of one side of a two-dimensional side (conventional technique 1). Moreover, although the 
light taken out from a circular point defect did not polarize, the light which carried out the linearly 
polarized light may be called for for the purpose, such as making it combine with external optical 
system. Then, in order to take out a polarization wave, the asymmetry of field inboard may be 
introduced into a point defect. However, the asymmetry of a point defect also becomes the cause that 
Q value falls. 

[0012] It is in obtaining an optical part multiplexing machine with high effectiveness highly [ Q 
value ] that this invention can be accomplished in order to solve such a technical problem, and the 
place made into the purpose can be miniaturized. Moreover, also when you obtain the case where 
vertical asymmetry is introduced, and a polarization wave, also let it be the purpose to obtain an 
optical part multiplexing machine with high effectiveness. 
[0013] 

[Means for Solving the Problem] The thing of the 1st mode of the two-dimensional photograph nick 
crystall luminescence part multiplexing machine concerning this invention accomplished in order to 
solve the above-mentioned technical problem a) In the field where a slab-like body differs in a 
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refractive index from two or more bodies periodically arranged by the b above-mentioned body, and 
the c above-mentioned body It is characterized by having the waveguide formed by preparing the 
defect of the above-mentioned different refractive-index field in a line, and the cluster defect which 
is established near the d above-mentioned waveguide and which is formed of two or more adjoining 
defects. 

[0014] Moreover, the thing of the 2nd mode of the two-dimensional photograph nick crystall 
luminescence part multiplexing machine concerning this invention a) [ in a slab-like body, two or 
more forbidden-band fields prepared in the b above-mentioned body, and c each forbidden-band 
field ] The field where a refractive index differs from two or more bodies periodically arranged by 
the body a different period for every forbidden-band field, d) It is formed by establishing the defect 
of the above-mentioned different refractive-index field in each forbidden-band field at a line, and is 
characterized by having the waveguide prepared so that it may pass through all forbidden-band 
fields, and the punctiform defect established near the above-mentioned waveguide in e each 
forbidden-band field. 
[0015] 

[Embodiment of the Invention] First, the 1st mode is explained. Compared with the magnitude of 
field inboard, the slab whose thickness is a sufficiently thin plate serves as a body of the two- 
dimensional photograph nick crystall luminescence part multiplexing machine of this invention. The 
field where a refractive index differs from a body on this body is arranged periodically. A 
photograph nick band gap is formed of existence of this periodic different refractive-index field, and 
it carries out by not making light with the energy within the limits of it exist. That is, the light of the 
wavelength range corresponding to it cannot pass a body. 

[0016] Different refractive-index fields may be any of the thing which has a refractive index lower 
than a body, and a high thing. Generally, since the quality of the material with a refractive index high 
as a body is used in many cases, it is easy also from the point of ingredient selection to use the thing 
of the quality of the material with a refractive index low as a different refractive-index field. 
[0017] Furthermore, as a low refractive- index field, what embedded the matter with a refractive 
index lower than a body in the body may be used, and only what only opened the hole in the body 
may be used. In the case of the latter, air serves as the above-mentioned different refractive-index 
field. In practice, since air is the quality of the material with the lowest refractive index, it is 
advantageous at the point that a refractive-index difference with a body can be enlarged. Moreover, 
it is easier to only prepare a hole rather than a manufacture top also embeds other matter. 
[0018] Hereafter, the periodic point that a different refractive- index field is arranged is called the 
lattice point. Although various gestalten can be considered as an array of the lattice point, the shape 
of the shape of a tetragonal lattice or a triangular grid etc. is typical, for example. 
[0019] In the photograph nick crystal which has such periodicity, periodicity is disturbed there by 
preparing a defect in the different refractive-index field of the one lattice point. By setting up the 
parameter of a defect appropriately, defective level is formed into a photograph nick band gap from 
turbulence of this periodicity, and the point that existence of light is allowed into the body with 
which existence of light is not allowed arises. This is called a point defect. By preparing such a 
defect in a line, the waveguide which light may pass can be formed into a body. This is called a line 
defect. The configuration of a line defect may have the shape of not only the shape of a straight line 
but the letter of crookedness, or a curve. Moreover, the width of face of a line defect may be a part 
for 1 of the train of the lattice point train, and may be a part for two or more trains. 
[0020] As mentioned above, when a different refractive-index field is made into a hole, as the defect, 
what filled the hole with the matter of a body, i.e., thing ** which does not prepare a hole at the 
lattice point, is the most convenient. Of course, what enlarged the path of the hole serves as a defect. 
It is the donor mold defect which does not prepare a hole at the lattice point, and it is the acceptor 
mold defect which enlarged the path of a hole. 

[0021] Here, a donor mold defect and an acceptor mold defect are explained. Although the refractive 
index explains in this invention since it is aimed at light including infrared radiation and ultraviolet 
rays, generally a photograph nick crystal is formed of the difference of a periodic dielectric constant. 
Therefore, a defect is formed into a body by differing the dielectric constant of one piece of the 
different dielectric constant field (lattice point) arranged periodically. What made what made the 
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dielectric constant the value higher than the dielectric constant of the usual lattice point the donor 
mold defect and the low value is called an acceptor mold defect. As mentioned above, since the 
defect in which a hole is periodically arranged in the body produced by a certain matter, and a hole is 
established in one of points [ them ], and there is nothing to them (it buries by the body matter) is 
making the dielectric constant of the lattice point higher than air, it is a donor mold defect. On the 
contrary, since it is making the dielectric constant of the lattice point low, it is an acceptor mold 
defect to enlarge the path of the hole of one point. 

[0022] With the defect which consists only of the one lattice point, a defect with the property of 
another ** is formed by making the two or more adjoining lattice points which are near the 
waveguide among different refractive-index fields into a defect. Henceforth, the defect which 
consists only of the one lattice point is called a "point defect." The defect indicated by the 
conventional technique 1 is this point defect. The defect used in the 1st mode of the invention in this 
application to it is a defect formed of the two or more adjoining lattice points. This is called a 
"cluster defect." Moreover, a "point defect" and a "cluster defect" are generically called a 
"punctiform defect." This is used in the 2nd below-mentioned mode. 

[0023] In such a configuration, desired defective level is formed into a photograph nick band gap of 
a cluster defect by setting up appropriately parameters, such as the number of the lattice point 
contained in one cluster defect, a location (distance from waveguide) of an array and a cluster defect, 
or the lattice constant a of a body. And only the light of the wavelength corresponding to the energy 
of defective level resonates in a defective location among the light of various wavelength which 
passes waveguide. The light which resonated is emitted in the field direct direction of a photograph 
nick crystal. What is necessary is just to choose the energy of defective level appropriately by 
adjusting the above-mentioned various parameters, in order to obtain the light of desired wavelength. 

[0024] In the case of the cluster defect which has arranged two or more defects in the shape of a 
straight line, and formed them, polarization of the cross direction of a cluster defect is acquired in a 
defective location. 

[0025] If the asymmetry of the field direct direction is conferred upon the configuration of a cluster 
defect, the output of the light to which a two-dimensional photograph nick crystal is outputted up 
and down can be made unsymmetrical. As an approach for conferring asymmetry, how to make it 
into the defect of a different refractive-index field can be considered by establishing a different 
refractive-index field in a part of thickness of a body from one field of a body. As range of the 
thickness, 20 - 30% is especially desirable 5% to 40% like the after-mentioned. 
[0026] In order to confer the asymmetry of the field direct direction upon the configuration in the 
case of a cluster defect, it is not necessary to depend on the asymmetry in each lattice point as 
mentioned above. For example, the above-mentioned actuation (a low refractive-index field is 
established only in one field) may be carried out to one middle point of the two lattice points to the 
cluster defect which changes from the two adjoining lattice points. 

[0027] Although the operation as a splitter was described so far, the above-mentioned configuration 
can also be used as a multiplexing machine. If the light of the wavelength corresponding to the 
energy of defective level is introduced into the location of a cluster defect, it will be multiplexed in 
the light of the above-mentioned wavelength by the light which flows waveguide. 
[0028] By arranging two or more cluster defects in which the number and the array of the lattice 
point differ from each other, part multiplexing of the light of two or more sorts of different 
wavelength can also be carried out. 

[0029] Next, the 2nd mode is explained. In the 1st mode, by changing the number of the lattice point 
and arrangement which establish a defect showed that the wavelength of the light which carries out 
part multiplexing was changeable. And it was said that a hole is advantageous as a different 
refractive-index field, and the donor mold defect in which the hole is not prepared as a defect is 
advantageous. However, such a donor mold defect has few degrees of freedom of wavelength change 
than the acceptor mold defect formed by enlarging the path of a hole. It is because a donor mold 
defect only buries the lattice point by the body matter to the ability of this to change the magnitude 
of a hole to arbitration by the acceptor mold defect and there is no degree of freedom of such change. 
Although the degree of freedom of changing the number of the lattice points contained in it by using 
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a donor mold defect as a cluster type according to the 1 st mode of above-mentioned this invention or 
the gestalt of arrangement is produced, the width of face of a degree of freedom is still restricted. 
Such a problem in a donor mold cluster defect is solved by the 2nd mode of this invention. It is 
described in detail below. 

[0030] In case the 2nd mode of this invention allots a different refractive-index field to a body, it 
divides a body into the field of the same number as the number of the classes of wavelength which 
carries out part multiplexing. Henceforth, this field is called a forbidden-band field. And the above- 
mentioned different refractive-index field is arranged a different array period for every forbidden- 
band field. 

[0031] The point that it is desirable being formed of the quality of the material with a refractive 
index lower than a body as for a different refractive-index field, and what is formed of air (that is, it 
is a hole) is more desirable is the same as that of the 1st mode. 

[0032] In order to pass light through each forbidden-band field and to multiplex, the waveguide 
passing through all the above-mentioned forbidden-band fields is formed like the 1st mode. 
Furthermore, the punctiform defect for part multiplexing is formed in each of the above-mentioned 
forbidden-band field. A "punctiform defect" includes the point defect which consists only of the one 
lattice point, and the cluster defect which consists of point defects which plurality adjoins as above- 
mentioned. It is made for the punctiform defects prepared in each forbidden-band field to differ in 
resonant wavelength mutually. Therefore, the two-dimensional photograph nick crystall 
luminescence part multiplexing machine which consists of n forbidden-band fields carries out part 
multiplexing of the light of n kinds of wavelength. Thus, the structure which prepared two or more 
forbidden-band fields is called terrorism structure to one two-dimensional photograph nick crystal 
into a field. 

[0033] The array period and punctiform defect of a different refractive-index field in each forbidden- 
band field are set up corresponding to the wavelength of the light which carries out part 
multiplexing. Also let the ratio of the different refractive-index area size for every forbidden-band 
field be the same ratio as the array period of the different refractive-index field for every set-up 
forbidden-band field. If the cluster defect of the same configuration as each forbidden-band field is 
arranged, each cluster defect will carry out part multiplexing of the different wavelength by the 
difference in the array period of the different refractive-index field for every forbidden-band field. 
Of course, the cluster defect of the different number of the lattice points for every forbidden-band 
field or a configuration may be arranged. To a cluster defect, the various defects of the 1st mode are 
usable. 

[0034] Although developed for the purpose of especially the 2nd mode of this invention enlarging a 
degree of freedom in the case of the donor mold defect in which the hole which is the periodic 
structure of a body is not prepared, this configuration itself can be applied also to an acceptor mold, 
and it has an advantage peculiar to it. That is, although two or more holes where paths differ were 
conventionally introduced in the body of one sheet when it was going to carry out part multiplexing 
of the light of two or more sorts of different wavelength using the acceptor mold point defect formed 
by enlarging the diameter of a hole of the one lattice point, there was a problem that Q value fell by 
this. In order to avoid the fall of this Q value, the 2nd mode of this invention is suitably applicable. 
That is, a different refractive-index field is arranged an array period which is different to a different 
forbidden-band field corresponding to the wavelength of the light which carries out part 
multiplexing. Also let the ratio of the different refractive-index area size for every forbidden-band 
field, and magnitude of the acceptor mold point defect arranged for every forbidden-band field be the 
same ratios as the ratio of the array period of the different refractive-index field for every set-up 
forbidden-band field. Thereby, it becomes possible to carry out part multiplexing of the light of two 
or more wavelength, without causing the fall of Q value. 
[0035] 

[Effect of the Invention] By introducing the cluster defect of the 1 st mode of the above, a splitter and 
a multiplexing machine with Q value higher than the case where the point defect which consists only 
of the one lattice point is used can be obtained. This is because the effective refractive index in the 
perimeter of a defect becomes high, light shuts up and effectiveness improves by forming a cluster 
defect. Moreover, also when obtaining the case where vertical asymmetry is introduced, and a 
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polarization wave, an optical part multiplexing machine with high effectiveness can be obtained. 
[0036] By introducing terrorism structure into the field of the 2nd mode of the above, when a donor 
mold cluster defect is used, each wavelength at the time of carrying out part multiplexing of the light 
of two or more wavelength can be set up with a high degree of freedom. Moreover, the Q value at 
that time is hardly different from the Q value of the photograph nick crystal which carries out part 
multiplexing of the light of one kind of wavelength. If the 2nd mode is constituted using the donor 
mold cluster defect with high Q value of the 1st mode, the equipment which has high Q value and 
carries out part multiplexing of the wavelength of light can be produced comparatively easily. 
Moreover, the 2nd mode is effectively applicable also to an acceptor mold defect. 
[0037] 

[Example] (1) the 1st voice — example (1-1) **** [ like ] - first - the 1st voice - take up a two- 
dimensional photograph nick crystal as typically shown in drawing 1 as an example [ like ]. It is the 
slab (body) 1 1 which was expressed with tabular to drawing 1 . When the infrared radiation with a 
wavelength of lambda= 1.55 micrometers used for optical communication is considered, transparent 
InGaAsP can be used for slab 1 1 to it. As with a circle [ white ] shows there, the hole 12 which is a 
different refractive-index field (low refractive-index field) is arranged periodically. Although 
drawing 1 shows the example which allotted the hole 12 in the shape of a triangular grid, various 
tetragonal lattice-like etc. arrangement can be considered. 

[0038] Waveguide 13 is formed by not establishing a hole in a line continuously in the part shown by 
the arrow head of the continuous line of drawing 1 . The donor mold cluster defect 14 is formed by 
not preparing a hole in the part furthermore shown by the white arrow head at two or more lattice 
points. On drawing, since it is expressed that the lattice point which consists of holes was buried by 
the body matter, below, it may express constituting a donor mold cluster defect, saying "The lattice 
point is buried." 

[0039] Although the example of the donor mold cluster defect in which the 3 lattice points were 
buried in drawing 1 was shown, the configuration of various donor mold cluster defects as shown in 
drawing 2 can be considered. The configuration at the time of burying the 2-3 lattice points was 
shown in drawing 2 . Although not shown in drawing, the donor mold cluster defect in which the 4 
or more lattice points were buried is also possible. Three kinds of configurations are shown about the 
case where the three lattice points are buried. Among these, what is located in a line on a "triangle- 
like defect" and a straight line in that to which the three lattice points which constitute a defect are 
located in a line with a triangle will be called a "straight-line-like defect." In addition, the donor 
mold defect (donor mold point defect) which consists of the one lattice point for a comparison was 
also shown in drawing 2 . 

[0040] (1-2) Confirm whether part multiplexing of the light can actually be carried out by the check 
above-mentioned configuration of being able to part[ optical ]-multiplex. Therefore, the wavelength 
range of the light in the photograph nick band gap which waveguide lets pass is investigated first, 
and it investigates whether next, defective level is formed of a donor mold defect into the 
wavelength range of the light. As the means, the analysis technique called a two-dimensional plane 
wave unfolding technique was used. 

[0041] A plane wave unfolding technique is an approach of expressing the light which spreads the 
space in which dielectric constant distribution has periodic structure as composition of a plane wave. 
Considering the TE mode to which electric field vibrate to field inboard, and a field vibrates in the 
field direct direction, an equation is [0042] about a field like the electromagnetic method of a 
maxwell. 
[Equation 1] 

dx [tr(r) dx J dy [t 



Lcr(r) dy 



+ = o (i) 



It is expressed. The field (Hx, HyO) of the direction of z [ can set omega to the angular frequency of 
light and / Hz=Hz / (x y, omega) ] within a field and c are the velocity of light here. Moreover, 
epsilonr (r) expresses a periodic dielectric constant here. When the fourier expansion into series of 
the epsilonr (r) is carried out and Hz (x y, omega) is developed by Bloch f s theorem, it is [0043], 
respectively. 
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[Equation 2] 



-j-r = 2>( 0 )exp{j<?-r} 
H s (x,w) = 53/i(*.«)exp{j(fc+G)-r} 



(2) 



o 



It becomes. However, k is a wave number vector and G is reciprocal vectors. Moreover, kappa (G) 
and h (k, G) are expansion coefficients, respectively. It is [0044], when a formula (2) is substituted 
for a formula (1) and it solves about h (k, G) to G of arbitration. 
[Equation 3] 



It becomes. Therefore, if specific wave number vector k is given, 2 will be calculated as 
characteristic value (omega/c) and a corresponding frequency, i.e., corresponding energy, will 
become settled. Photograph nick band structure is calculated by asking for the frequency omega 
corresponding to various wave number vector k. 

[0045] The result of having calculated the frequency domain which spreads waveguide about the TE 
mode is shown in drawing 3 to the two-dimensional photograph nick crystal which has waveguide 
first and does not have a point defect using a formula (3). In addition, the right figure of drawing 3 
expands a part of left figure. From drawing 3 , although two trapped modes, zero-order mode (black 
dot in drawing) and the primary mode (this ****), can be spread, it is thought from balance with the 
system of that it is a single mode and the exterior that the zero-order mode is more efficient. 
Moreover, rather than the continuous line described as the "traffic line" all over drawing, it combines 
with the mode which has the same wave number within a field on the same frequency which exists in 
free space, the light by the side of a RF begins to leak in the vertical direction, and propagation 
effectiveness falls. As mentioned above, the light of the range of normalized radiam frequency 
0.267-0.280 shown in the right figure of drawing 3 as the black dot and the thin continuous line is 
considered to spread the waveguide concerned most efficiently. What is necessary is in other words 
just to determine a lattice constant a that the frequency of a desired light will go into the range of 
normalized radiam frequency 0.267-0.280. For example, when InGaAsP is used as the quality of the 
material of a body and it calculates as a thing using light with a wavelength of 1 .55 micrometers, a 
lattice constant a is understood [ 0.42-0.43 micrometers, then ] are good from the range of the above- 
mentioned normalized radiam frequency. 

[0046] Defective level was calculated, respectively about the cluster defect buried what buried the 
two lattice points among the defects shown in drawing 2 , and the three shape of the shape of a 
triangle, and a straight line. Moreover, it calculated also about the donor mold point defect which 
buried only the one lattice point for the comparison. Those results are shown in drawing 4 - drawing 
7 . First, in the case of the donor mold point defect which is an example of a comparison, since 
defective level is not formed like drawing 4 between frequency-domain 0.267 c/a which spreads the 
above-mentioned waveguide - 0.280 c/a (an available frequency region is called henceforth), it 
cannot use as a part multiplexing machine. 

[0047] In the case of the cluster defect which buried the two adjoining lattice points to it, since only 
one defective level is formed in an available frequency region like drawing 5 , it can use as a part 
multiplexing machine. Like [ in the case of the cluster defect which buried the three lattice points in 
the shape of a triangle ] drawing 6 , the defective level which is at the normalized-radiam-frequency 
0.268 neighborhood although two or more formation is carried out has single defective level in an 
available frequency region, and since spacing with the defective level by the side of a RF is 
separated from it enough, it can use as a part multiplexing machine. In the case of the cluster defect 
which buried the three lattice points in the shape of [ parallel to waveguide ] a straight line, since 
only one defective level is formed in an available frequency region like drawing 7 , it can use as a 
part multiplexing machine. 

[0048] When the two adjoining lattice points when it became clear that it can use as a part 
multiplexing machine in the above are buried, and the three lattice points are buried in the shape of a 
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triangle, the result of having calculated electromagnetic-field distribution is shown in drawing 8 and 
drawing 9 about the case where the three lattice points are buried in the shape of [ parallel to 
waveguide ] a straight line. In this drawing, an arrow head shows the electric field vector of a 
direction parallel to a drawing, and the shade of a color shows the amplitude of the field of a 
direction perpendicular to a drawing. When the two lattice points are buried, and when the three 
lattice points are buried in the shape of a straight line, the light which resonates in the defect 
concerned is the mode which is spread in the buried lattice point train. Moreover, it is thought that 
the electric field of a direction perpendicular to the buried lattice point train are strong, and have a 
property near the linearly polarized light. Resonance mode which is spread toward each top-most 
vertices on the other hand from a triangular center of gravity when the three lattice points are buried 
in the shape of a triangle is shown, the symmetric property of electromagnetic-field distribution is 
high, and when polarizability is the above-mentioned two, it is thought that it is not [ like ] large. 
[0049] (1-3) Q value was calculated about calculation of Q value, next three cases taken up in the 
last paragraph. At that time, frequency dependent [ in near defective level ] was calculated about the 
reinforcement of the electromagnetic wave emitted using the time domain finite difference method 
(KS.Yee, "IEEE Trans.Antennas Propagat." AP-14 volume 302 - 307 pages) by the algorithm of 
Yee, and Q value was calculated from the peak intensity and full width at half maximum. 
[0050] The Q value in a two-dimensional photograph nick crystal is decided by Qs showing 
association with Qp showing association with a point defect and waveguide, and a point defect and 
the exterior (outside of a field). Among these, Qp is decided by distance of a point defect and 
waveguide. Then, in order to investigate the difference in the Q value by the class of point defect, the 
distance of a point defect and waveguide was first assumed to be infinite, and it calculated about Qs. 
Consequently, it was set to Qs=5215, when the two lattice points were buried, Qs=1354 and the three 
lattice points were buried in the shape of a triangle and Qs=2529 and the three lattice points were 
buried in the shape of a straight line. On the other hand, it was 924 when Qs was similarly calculated 
about the acceptor mold point defect of the conventional technique 1 . 

[0051] Consequently, it is expected that the Q value of a donor mold cluster defect will improve 
rather than that of an acceptor mold point defect, and the case where the three lattice points are 
buried in the shape of a straight line also especially in it is most expected to become high for Q 
value. Then, the result of having searched for the distance dependency between point defect- 
waveguides of Qs and Qp is shown in drawing 10 about the case where the three lattice points are 
buried in the shape of a straight line. The axis of abscissa of drawing 10 expresses the distance of the 
train and waveguide which buried the lattice point in the shape of a straight line by making the 
number of the trains of a hole into a unit here. Since Q value is calculated by 1/Q=l/Qs+1/Qp using 
Qs and Qp, Q value is calculated like drawing 1 1 from drawing 10 . Q value is set to 2012-4666, and 
its each is improving more sharply than Q value -500 of the conventional technique 1 . 
[0052] According to drawing 1 1 , Q value becomes large as the distance of a point defect and 
waveguide increases. However, since the light which reaches a point defect decreases in the case of a 
splitter, and the light which reaches waveguide will decrease when it is a multiplexing machine if the 
distance becomes large too much, as a part multiplexing machine, it is inconvenient. Then, in 
consideration of the balance of Q value and an exchange of the light between point defect- 
waveguides, it is necessary to choose the above-mentioned distance appropriately. It is thought at the 
time of Qp=Qs that it is the most efficient. The case where eye four trains has a point defect by the 
number of hole trains from waveguide is the closest to this condition than drawing 12 R> 2. 
[0053] Although the effectiveness as a part multiplexing machine was considered in the last 
paragraph, it is intentionally large in Qp, and if Qs is made small, it can also use as a wavelength 
detection device which takes out slightly the light of specific wavelength which flows waveguide, 
and carries out a monitor. 

[0054] (1-4) As the polarization property (1-2) described, when the two lattice points are buried, and 
when the three lattice points are buried in the shape of a straight line, it is expected that the linearly 
polarized light nature of emission light will be high. Then, the polarization property of emission light 
was calculated about the case where the three lattice points are buried in the shape of a straight line. 
The result is shown in drawing 13 . The axis of abscissa of drawing 13 is the include angle of the 
field inboard to the train of the buried lattice point, and an axis of ordinate corresponds to the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/24/2005 



JP,2003-279764,A [DETAILED DESCRIPTION] 



Page 9 of 10 



amplitude of the light in the include angle. In the direction whose above-mentioned include angle is 
0 degree, the amplitude is almost set to 0 and the amplitude becomes max in the direction whose 
above-mentioned include angle is 90 degrees. That is, it turns out that it is polarizing in a direction 
perpendicular to the train of the buried lattice point strongly. 

[0055] (1-5) The point defect was made into the vertical symmetry in the field direct direction 
beyond control of the vertical output rate in a donor mold cluster defect. That is, the case where all 
the matter of a low refractive index in the 1 lattice point was buried was considered. In this case, 
light is emitted for the vertical direction of a field from a point defect. 

[0056] Here, it calculated about the case where vertical asymmetry like drawing 14 is put into the 
configuration of a donor mold cluster defect. The example of drawing 14 sets thickness of a body to 
0.6a, buries the three lattice points in the shape of a straight line, and opens the hole of radius 
r=0.29a and depth h (<0.6a) in the middle (two places) of each buried lattice point. The count result 
about the relation between h/a and a vertical power ratio of having standardized the depth with the 
lattice constant is shown in drawing 15 . Asymmetry is looked at by the up-and-down output of a 
defect in the range of h/a (0.05-0.4) shown in this drawing. It turns out that about 2 or so-time 
vertical power ratio is especially obtained for h/a in 0.2-0.4. Moreover, the relation between h/a and 
Q value is shown in drawing 16 . Although the fall of Q value was seen in the field where a vertical 
power ratio is large, Q value higher than the conventional technique 1 was still obtained. 
[0057] (2) As an example of the 2nd mode of an example of the 2nd mode, the example of a 
configuration of terrorism structure is shown in drawing 17 into a field. This drawing expresses 
terrorism structure into the field which consists of two forbidden-band fields. Bordering on the 
alternate long and short dash line of the center of drawing, the crystal whose array period of a hole 
(low refractive-index matter) is al, and the crystal this period of whose is a2 are joined and 
constituted. Hereafter, the 1st forbidden-band field and an array period call [ an array period ] the 
forbidden-band field of a2 the 2nd forbidden-band field for the forbidden-band field of al. The 
diameter of a hole [ in / for the diameter of the hole in the 1st forbidden-band field / bl and the 2nd 
forbidden-band field ] is set to b2. The waveguide of the both sides of an alternate long and short 
dash line is placed neatly on the same straight line. The donor mold cluster defect of the same 
configuration as the 1st forbidden-band field and the 2nd forbidden-band field is formed. In the 
above configuration, al/a2 and bl/b2 are made equal. Since the magnitude of a donor mold cluster 
defect is decided by the array period of a hole, its ratio of the magnitude of the donor mold cluster 
defect of the 1st forbidden-band field and the magnitude of the donor mold cluster defect of the 2nd 
forbidden-band field donor mold cluster defect is also equal to al/a2. 

[0058] In addition, although the example of a donor mold cluster defect was shown here, an acceptor 
mold point defect as shown in drawing 18 is sufficient as a point defect. In this case, one acceptor 
mold point defect of a diameter cl is prepared in the 1st forbidden-band field, and one acceptor mold 
point defect of a diameter c2 is prepared in the 2nd forbidden-band field. All of al /l / cl [ b2 
and ]/c2 are made equal. [ a2 and bl ] 

[0059] When al and a2 were equal about the structure of drawing 17 and drawing 18 , and al was 
larger than a2 1%, Q value was calculated about the case where al is smaller than a2 1%. The 
difference in **1% and a total of 2% of structure is equivalent to the difference in a 30nm resonance 
wavelength in 1.5 5 -micrometer band here. It was referred to as bl=0.29al, b2=0.29a2, cl=0.54al, 
and c2=0.54a2 in this count. The count result of Q value is shown in drawing 19 . In drawing 17 and 
drawing 18 , (l-a2/al) was defined as structure rate of change, and it was used by them. When a 
donor mold cluster defect is used, Q value is set to 2885-2891, and the sufficiently big value is 
acquired. When an acceptor mold point defect was used, the value comparable as the Q value of the 
two-dimensional photograph nick crystal of the acceptor mold of the conventional technique 1 was 
acquired. The fall of the big Q value by the difference in structure is not seen. 

[0060] (3) the 1st and 2nd voice of this invention — about the manufacture approach of the example 
two-dimensional photograph nick crystal of the manufacture approach of a two-dimensional 
photograph nick crystal [ like ], the manufacture approach in the case of using air as low refractive- 
index matter is indicated by [0037] - [0044] of JP,2001-272555,A about the above-mentioned 
conventional technique 1 . First, the approach is explained briefly (see the above-mentioned official 
report for details). On a substrate, the crystal of the quality of the material of the slab used as a body 
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is grown up, and slab is formed. InGaAsP can be used for the quality of the material of slab when the 
wavelength range of the target light is a 1.5 5 -micrometer band. By applying a photoresist on the field 
of slab and irradiating an electron ray, the low refractive-index matter and the pattern corresponding 
to an acceptor mold point defect are drawn. The low refractive-index matter and an acceptor mold 
point defect are formed by carrying out vapor etching of the field. 

[0061] In manufacturing the two-dimensional photograph nick crystal of the 1st mode of this 
invention, in case a pattern is drawn, in the above-mentioned manufacture approach, it introduces a 
donor mold cluster defect into the part which arranges a donor mold cluster defect by not irradiating 
an electron ray. Moreover, what is necessary is just to draw the pattern corresponding to it, also 
when introducing terrorism structure into the field of the 2nd mode of this invention. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by -the use of this -translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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